The use of grafted vegetable seedlings has been popular in many countries during recent years, and several Cucurbita species and their interspecific hybrids have been tested as rootstocks. Graft-scion incompatibility and lower fruit quality have prevented their commercial use. In this study, the efficacy of grafting the commercial Khassib cucumber hybrid onto various cucurbits, used as rootstocks, was examined in a greenhouse experiment. This experiment was done in a completely randomized design with eight treatments: local landraces of bottle gourd (Ghalyani) and pumpkin (Tanbal) and commercial Cucurbita interspecific hybrids (909, 913, Ferro, and Shintoza). Ungrafted plants were used as controls. Results indicated that the highest survival rates were using Ferro hybrid (94%), Cucurbita maxima (Tanbal) (92%), 64-19 and Shintoza (90%). These results appeared to be related to the stem diameter of the rootstocks and, to a lesser extent, to the scion diameter. Cucumber production was not improved by grafting. The highest yield was obtained with Ferro rootstock, but it was no different compared to ungrafted plants. A significantly lower production than the control was observed with Ghalyani (´44%), 913 (´73%) and 64-19 (´35%) rootstocks. Total soluble solids (TSS) of fruit produced by ungrafted plants was significantly higher than the other treatments. The highest length/diameter ratio was obtained with 909 and Ghalyani rootstocks, whereas more stocky fruit were produced by plants grafted onto Tanbal and 64-19 rootstocks.
Introduction
Cucumber (Cucumis sativus L.) is one of the most popular vegetables in the world, and annually about 71.4 million tons are produced [1] . Cucumber is also an important vegetable crop for greenhouse production in many countries. Continuous cultivation in greenhouses leads to some problems, including soil-borne diseases, soil nutrient imbalances, salty or alkaline soil conditions, spread of weeds, etc. To alleviate these problems, grafting is recommended. Grafting is an important technique for vegetable production in many countries where intensive and continuous cultivation is performed. Vegetable grafting has been used to improve yield, fruit quality and disease resistance in Solanaceae and Cucurbitaceae [2] [3] [4] [5] . In recent years, grafting has been found effective in overcoming abiotic stresses.
Numerous studies have reported that different rootstock genotypes could have variable effects on yield and quality of the grafted vegetable, and the overall performance largely depends on the specificity of the rootstock-scion combination [6] [7] [8] .
Several Cucurbita species and their interspecific hybrids have been used traditionally as rootstocks for cucumber. The performance of the grafted plants, including fruit quality, depends on rootstock-scion interactions and on the cultivation method. Some rootstocks have been reported to positively affect yield and fruit quality. However, graft incompatibility and a decrease in quality appears in most cases [6] . Some authors associate this decline in quality with the translocation of fruit quality agents from the Cucurbita rootstock to the cucumber scion. The use of rootstocks belonging to the same species (C. sativus) has been proposed as a method to overcome these problems [9] .
In some developing countries, vegetable grafting is not popular with farmers, and the use of local landraces is common for vegetable crops. The aim of the research was to assess the compatibility of local landraces and interspecific hybrids as rootstocks for cucumber cultivation in terms of yield and quality.
Experimental Section

Plant Material, Treatments and Growth Conditions
The experiment was conducted in autumn-winter 2014 in a glasshouse situated in the Dastgerd Experimental Station of the Agricultural and Natural Resources Research Center of Isfahan, Central Iran (latitude 32˝36 1 N, longitude 51˝36 1 E, 1576 m above sea level). Cucumis sativus L. cv. Khassib F 1 (Rijk Zwaan, Fijnaart, The Netherlands) was grafted onto five interspecific hybrids (Shintoza, 909, 913, Ferro and 64-19), one local landrace of pumpkin (Cucurbita maxima L. (Tanbal)) and one of bottle gourd (Lagenaria siceraria (Ghalyani)) using the "splice grafting" described by Lee [10] , whereas ungrafted "Khassib" was used as a control. Rootstock and scion seeds were sown on 10 and 14 September 2014, respectively. They were grafted on 22 September 2014. Grafted plants were kept in a small tunnel under semi-controlled environmental conditions. Seedlings grew without light and with a >90% RH (Relative Humidity) for four days, then light was gradually increased and relative humidity was decreased. At the two true-leaf stage (7 October 2014), grafted plants were transplanted to 10 L plastic pots. The substrate was perlite and coco peat (60:40 v/v). The space between plant pots was 35 cm in the rows and 70 cm between rows, obtaining a plant density of four plants/m 2 . Plants were grown under natural light conditions. During the whole crop cycle, air temperatures inside the greenhouse were recorded daily (Figure 1 
Survival Rate and Plant Growth
The surviving grafted plants were counted 15 d after grafting, and the survival rate was calculated. 
The surviving grafted plants were counted 15 d after grafting, and the survival rate was calculated. Plant height, rootstock and scion stem diameter were measured in each treatment. A ruler was used for plant height, with measurement from the substrate surface to the top of the plant. Diameter measurements were made using a digital caliper and were taken 1 cm below and above the graft union. Dry matter production of plant organs (root and shoot g/plant) was determined by drying at 72˝C for 48 h in a thermo-ventilated oven at the end of the growing period. The lengths of the roots and leaf area were measured at the end of the crop.
Yield and Fruit Quality Parameters
Harvest was started 36 d after transplanting. Harvested fruits were weighed and counted. Total yield, total fruit number, and total marketable and unmarketable fruit (lacking uniformity and/or fruits with physiological disorders) were counted.
Statistical Analysis
All data were statistically analyzed performing ANOVA with CoStat software. Means were separated using Duncan's Multiple Range Test at α = 0.05.
Results
Plant Growth
High compatibility between scion and rootstock and survival was achieved with Ferro hybrid (94%), Cucurbita maxima (Tanbal) (92%), 64-19 and Shintoza (Figure 2) . The lowest survival rates were observed with Lagenaria siceraria (Ghalyani) (72%) and 913 hybrids (73%).
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Plant Growth
High compatibility between scion and rootstock and survival was achieved with Ferro hybrid (94%), Cucurbita maxima (Tanbal) (92%), 64-19 and Shintoza (Figure 2) . The lowest survival rates were observed with Lagenaria siceraria (Ghalyani) (72%) and 913 hybrids (73%). The rootstock diameter at 15 d after transplanting (DAT) was not affected by grafting, but at the end of the experiment, the diameters showed significant differences ( Figure 3) . Ferro (8.65 mm), Tanbal and 64-19 hybrid (7.95 mm) had a higher hypocotyl diameter than Shintoza (5.77 mm) and Ghalyani (6 mm). Significant differences were observed in the scion diameter on different rootstocks at 15 DAT and 100 DAT (Figure 4) . At 15 DAT, the scion diameter of plants grafted onto 909 was higher than all the other rootstock treatments except for Ferro and 64-19, which were the highest at the end of the experiment (100 DAT). The rootstock diameter at 15 d after transplanting (DAT) was not affected by grafting, but at the end of the experiment, the diameters showed significant differences (Figure 3) . Ferro (8.65 mm), Tanbal and 64-19 hybrid (7.95 mm) had a higher hypocotyl diameter than Shintoza (5.77 mm) and Ghalyani (6 mm). Significant differences were observed in the scion diameter on different rootstocks at 15 DAT and 100 DAT (Figure 4) . At 15 DAT, the scion diameter of plants grafted onto 909 was higher than all the other rootstock treatments except for Ferro and 64-19, which were the highest at the end of the experiment (100 DAT). At the end of the experiment, rootstocks significantly influenced plant growth (Table 1) . Root dry biomass was the lowest with Ghalyani, reduced by about 80% compared to ungrafted plants. Although greater than Ghalyani, pumpkin and 913 hybrid rootstocks were significantly lower than the other rootstocks. Root length was only partially related to root biomass, highlighting a different ranking for root density among the rootstocks. In particular, 913 and Ferro hybrids had the highest root length but root biomass in 913 was about 55% lower than in Ferro. At the end of the experiment, rootstocks significantly influenced plant growth (Table 1) . Root dry biomass was the lowest with Ghalyani, reduced by about 80% compared to ungrafted plants. Although greater than Ghalyani, pumpkin and 913 hybrid rootstocks were significantly lower than the other rootstocks. Root length was only partially related to root biomass, highlighting a different ranking for root density among the rootstocks. In particular, 913 and Ferro hybrids had the highest root length but root biomass in 913 was about 55% lower than in Ferro. At the end of the experiment, rootstocks significantly influenced plant growth (Table 1) . Root dry biomass was the lowest with Ghalyani, reduced by about 80% compared to ungrafted plants. Although greater than Ghalyani, pumpkin and 913 hybrid rootstocks were significantly lower than the other rootstocks. Root length was only partially related to root biomass, highlighting a different ranking for root density among the rootstocks. In particular, 913 and Ferro hybrids had the highest root length but root biomass in 913 was about 55% lower than in Ferro.
Ferro rootstock was the only one with greater growth (+15%) than ungrafted plants (Table 1) . The other rootstocks (except 909) produced a lower shoot dry biomass compared to the control, with the greatest reduction with Ghalyani (´60%). Concerning the Root/Shoot (R/S) ratio, Shintoza rootstock showed a higher value compared to the control, whereas the other treatments did not differ from ungrafted plants.
The Shintoza hybrid produced the tallest plant and the highest internode number (Table 1 ). All other treatments showed values similar or lower than the control. The leaf area showed a high variability among treatments with a lower value with Ghalyani compared to Tanbal, and all others were between these. 
Yield Parameters
Cucumber production was not improved by grafting ( Table 2 ). The highest yield for rootstocks was obtained with Ferro, but it was no different than that for ungrafted plants. A significantly lower production than the control was observed with Ghalyani (´44%), 913 (´73%) and 64-19 (´35%) rootstocks, and these results were mainly due to fruit number. As for marketable fruit, the lowest value was from 913 with 68.7%. 
Fruit Quality Analysis
Total soluble solids (TSS) of fruit produced by the ungrafted plants were significantly higher than other treatments (Table 2 ). Fruit from Shintoza had the lowest TSS, 39% lower than the control. TSS content was not directly related to fruit dry weight. In fact, the highest value was observed with ungrafted plants and Shintoza and Tanbal rootstocks. The ungrafted plants had 34% more fruit dry matter than those grafted onto 913 rootstock. The use of different rootstocks led to changes in fruit size and shape. The highest length/diameter ratio was obtained with 909 and Ghalyani, whereas more stocky fruit were produced by plants grafted onto Tanbal and 64-19.
Discussion
In this experiment, plants with a thicker diameter stem reflected increased graft compatibility (Figures 2-4) . There have been differing opinions on whether a difference in hypocotyl diameter between scion and rootstock affects graft incompatibility. Oda et al. [12] and Traka-Mavrona et al. [13] reported that smaller differences in hypocotyl diameters between the cucumber scion and squash rootstock may increase compatibility regardless of the quantity of vascular bundles. On the contrary, Edelstein et al. [6] did not observe any correlation between the difference of the scion and rootstock hypocotyl diameters or vascular bundles and the survival rate of grafted plants, concluding that the different results were attributed to the grafting techniques. A low survival rate in grafted plants can be due to two main characteristics: (1) the removal of the cotyledons from the rootstock; and (2) the limited number of the vascular bundles that connect the scion to the rootstock [12] .
Since the root systems of selected rootstocks are usually much larger and more vigorous, they can absorb water and nutrients much more efficiently as compared to non-grafted plants [3] . However, in this research, we found a positive relation between root growth and biomass and fruit production only using Ferro as a rootstock. In the other scion/rootstock combinations, no clear relation was found between root vigor and scion response. In this regard, plant growth and production could be influenced by hormonal signals from the rootstock that could alter shoot physiology [5, 14] . Cucurbit plant stems usually secrete xylem sap when decapitated, which is greatly influenced by the rootstock and contains high concentrations of minerals and plant hormones. This may explain the growth promotion of the cucumbers observed in our experiments when Cucurbita rootstocks were used.
The use of Ferro rootstock significantly increased the total fruit yield compared to the other rootstocks and did not differ from ungrafted plants. Therefore, this rootstock can be used in our conditions against some soil-borne pathogens typical of greenhouse conditions. As regards landraces, Lagenaria siceraria gave the lowest cucumber production. Plants grafted onto Tanbal, Ferro and 64-19, as well as ungrafted plants, showed a greater percentage of marketable fruit. In contrast, a higher marketable yield using grafted watermelon was obtained by Colla et al. [15] in Mediterranean climatic conditions.
The results of this research also showed that the TSS of fruit produced by ungrafted plants was significantly higher than in other treatments, as was previously found by López-Galarza et al. [16] in watermelon.
Conclusions
In conclusion, graft compatibility, measured in terms of plant survival after grafting, appeared to be related to the stem diameter of the rootstocks and, to a lesser extent, to scion diameter. Some C. maximaˆC. moschata rootstocks had a similar production to ungrafted plants; thus, these rootstocks could be used for their resistance against soil-borne disease and not for their vigor. After the elimination of methyl bromide, grafting is one of the most effective alternatives worldwide to control root diseases of greenhouse vegetables. However, the high cost of grafted plants is the main problem for the widespread use of vegetable grafting. For these reasons, in developing countries vegetable grafting is still rare compared to the use of grafting in tree crops. The use of local landraces as rootstocks could help decrease the cost of grafted plants. However, our results using local landraces highlighted the importance of checking the grafting compatibility with the most important hybrid used as a scion under biotic and abiotic stresses.
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